Introduction
About half of the world's population is exposed to smoke from burning biomass fuel at home [1] . It has been estimated that the use of fuels to cook and heat is common in developing countries, with an estimated 3 billion people exposed to smoke from these fuels [2] . It has also been estimated by Prüss-Ustün et al. that biomass smoke exposure is responsible for about 1.5 million early deaths per year [3] .
Exposure to emissions from firewood cooking stove has been implicated as a causal agent of several diseases in developing countries, including acute respiratory infections (ARI), otitis media (middle ear infection), chronic obstructive pulmonary diseases (COPD), lung cancer, asthma, cancer of the nasopharynx and larynx pulmonary tuberculosis, prenatal conditions and low birth weight, and disease of the eye such as cataract and blindness [4] . Much evidence has been documented, for example, that links biomass fuel combustion with the incidence of chronic bronchitis in women and of ARI in children [5] .
It has been estimated by Balakrishnan et al. [6] that combustion of biomass fuel generates higher emissions than fossil fuels like kerosene and liquefied petroleum gas. However, the concentration of PM 10 generated by kerosene cooking stoves is still very high when compared with WHO standard [6] . Exposure to this high PM 10 by women and children for hours on a daily basis in poor ventilated kitchen may lead to respiratory morbidity among this vulnerable group.
In Nigeria, data on the levels of air pollutants associated with kerosene stove combustion are very scarce. Likewise little had been documented on the pulmonary health of women exposed to kerosene stove emission. The objective of this study, therefore, was to measure the levels of kerosene combustion emissions within kitchen environments as well as to assess at baseline the pulmonary function status of the exposed women.
Materials and Methods

Study Area
This study was carried out at Olorunda-Abaa community, Lagelu Local Government Area (LGA) of Ibadan in Oyo State (Figure 1) . Ibadan is the capital of Oyo State in Nigeria and the largest indigenous city in West Africa. It lies between latitude latitude 7˚ and 9˚30' east of prime meridian [7] . Ibadan covers a land area of 12 kilometres radius with Mapo hall as the centre. It has an altitude generally ranging from 152 to 213 m with isolated ridges and peaks rising to 274 m [8] . Ibadan comprises eleven (11) LGAs. Five of these LGAs are in Ibadan metropolis while the remaining six including Lagelu are at the outskirts of the capital city. Lagelu shares boundary with Iwo Local Government in the North and Egbeda Local Government in the West. It is also bounded in the South by Ibadan North East Local Government and Akinyele Local Government by the East. The area is characterized by Savannah climate and has a good breed of vegetation.
The Study Population
The study population comprised women resident in Olorunda community for upwards of two years. They were mostly rural women, that is, house wives, petty traders, farmers and those involved in other forms of vocations. These women use kerosene stoves exclusively for cooking. They were found sometimes with children in the cooking environments.
Selection of Houses and Subjects
A three-stage random sampling technique was employed to select houses for the study. Lagelu was picked from the six peripheral LGAs while Olorunda was selected from the list of the rural communities. Finally, only houses where women utilize kerosene stove for cooking were purposively selected from the study community following an initial enumeration exercise. From these houses 167 women were randomly recruited for the study of which 72 consented for the lung function test (spirometry). 
Air Sampling
Calibration and Standardisation of PM Sampler
A gravimetric particulate air sampler made by Science Source, Walboro, USA was used to sample particles of aerodynamic size 10 µm (PM 10 ). The sampler is cylindrical in shape and about 50 cm high and 18 cm in diameter with a roof covering that protects the inlet and impactor head on which filter is placed. An inbuilt pump draws the air carrying particles of various dimensions with only particle size 10 µm allowed to pass through the inlet that finally settles on the filter paper. The flow rate was determined based on the pressure differentials from the manometer.
Prior to sampling, the equipment was calibrated to ensure that optimum average ambient conditions for temperature (30˚C), pressure (1 atm) and flow rate (1.5 l/min) were maintained. According to Vaughan et al. (1989) to ensure reproducibility of the results the substrate i.e. the filter paper used were examined, conditioned and equilibrated by oven drying at regulated temperature of about 40˚C and allowed to cool after which it was placed in a desiccator and left with the lids slightly ajar in the weighing environment overnight prior to each sample weighing [9] . This period was observed to allow moisture in the substrates to come into equilibrium with the weighing room atmosphere to ensure optimum equilibration.
PM10 Sampling in Kitchen Environments
PM 10 samples were collected from six purposively selected kitchen environments representing six different neighbourhood clusters where the subjects reside in the study community (Figure 1 The sampler was placed one metre away from the stove whose PM 10 was being measured and the filter paper whose initial weight was taken was placed on it. The sampler was then switched on and allowed to run for two hours. The initial and final flow rate was recorded by reading the pressure differential on the manometer. To obtain the final flow rate, the step was repeated just before the unit was switched off to obtain the average flow rate. The filter paper was carefully removed and placed in desiccators to eliminate any weight gain and then reweighed to determine the final weight.
The sampling procedure was carried out twice daily (morning: 7-9 am and evening: 5-7 pm) for each stove unit within a particular cluster for a period of one week during the wet season under stable prevailing wind conditions. The weight of the filter paper before and after the period of particulate sampling was determined gravimetrically, and the concentration of PM 10 calculated based on the volume of air sampled expressed in µg/m 3 . A detection limit of 10 µg/m 3 was set with lower values regarded as not detectable. The concentration of PM 10 obtained was compared with WHO guideline limits.
Calibration and Standardisation of Gas Samplers
Gaseous Emissions (GE) comprising carbon monoxide (CO), carbon dioxide (CO 2 ), sulphur dioxide (SO 2 ) and nitrogen dioxide (NO 2 ) were determined using digital gas monitors made by BW Canada. Prior to field measurements the instruments were calibrated accordingly using appropriate standard gases following the standard procedures as recommended by the instrument manual.
Gas sensor testing and calibration was done using a Digital volt meter (resolution to two decimal places), Crocodile clips, Flat-bedded screwdriver, Murco calibration kit which includes a cylinder of calibration gas, flow regulator, flexible non-absorbent tubing and a vented calibration hood. Detection specificity and sensitivity was achieved through the use of specially formulated chemical reagents, which react only with the sample gas or gases. As sample gas molecules were drawn through the Chemcassette ® with a vacuum pump, they reacted with the dry chemical reagents and formed a coloured stain specific to that gas only. The intensity of this stain was proportionate to the concentration of the reactant gas, i.e. the higher the gas concentration, the darker was the stain.
Gaseous Sampling in the Kitchen Environment
The concentrations of Gaseous parameters viz CO, CO 2 , NO 2 , SO 2 were determined at the same designated kitchen locations as described above under the same prevailing conditions. In each location triplicate readings within 5 minutes interval were recorded and the average obtained. The detection limit of the gases CO, NO 2 and SO 2 was set at zero while that of CO 2 was set at 50 mg/m 3 . The concentrations of the gases were expressed in parts per million (ppm) and these was compared with WHO guideline limits.
Questionnaire Administration
A survey was carried out on human subjects using kerosene cooking stoves exclusively with the use of questionnaire. One hundred and sixty seven KSU who consented to participate in the study were administered with a validated pre-tested questionnaire. The questionnaire elicited information on the socio-demographic features and health conditions of the respondents. The questionnaire was pre-tested at a community with similar characteristics prior to administration to consented participants.
Lung Function Test
Seventy-two (43%) of the study participants consented to participate in the lung function test. They were categorised into the six neighboured kitchen clusters comprising 12 exposed KSU. The eligibility criteria for study participants for the test were as follows:
1) The participants' ages must be between 15 years and 70 years.
2) Must not have family history of respiratory symptom or disease from the response got from questionnaire.
3) Must have been cooking with kerosene for a period not less than 5 years. 4) Must be a non-smoker. 5) Participants must be willing to take part in the study. The lung function test was carried out using a Mini-Wright digital spirometer (Clement Clarke) to determine the actual forced expiratory volume in one second (FEV 1 ). The spirometer was calibrated to 0.00 before the par-ticipants were asked to inhale air and then exhale forcefully into the spirometer. This was repeated at three manoeuvres and the best attempt was recorded for each participant. The height and weight of the participants were measured using meter rule and weighing scale respectively to estimate the Body Mass Index (BMI). The sex, age and height of the participants were imputed into the lung function calculator to get the predicted FEV 1 . The actual FEV 1 was compared with the predicted FEV 1 from which the percentage predicted FEV 1 was computed.
Statistical Analysis
Data were analysed using descriptive statistics and comparisons between PM 10 and gaseous emissions with WHO guidelines were done. Pearson correlation analysis was used to test the relationship between PM 10 and FEV 1 as well as between BMI and FEV 1 . The Level of significance for all tests was put at p = 0.05.
Results
Concentrations of Respirable Particulate Matter (PM 10 )
The levels of PM 10 measured at six kitchen locations measured twice daily are presented in Table 1 . The results showed that the concentrations of PM 10 were higher in the evening hours than the morning hours. The highest average PM 10 concentration (259.7 µg/m 3 and 271.3 µg/m 3 ) for morning and evening measurements were recorded at location 3. These values were both more than 10 fold higher than the WHO daily guideline limit of 25 µg/m 3 (p < 0.05).
Concentration of Gaseous Emissions
Concentrations of CO and NO 2 were below detectable limits in the six locations. The concentration of CO 2 was also highest in location 4 (Figure 2) . The average CO 2 levels for kerosene stove emissions at the six cluster locations combined were 193.5 ± 9.92 ppm (morning) and 206.7 ± 11.7 ppm (evening). The concentration of SO 2 did not follow any particular trend (Figure 3) . The average SO 2 levels for kerosene stove emissions at the six cluster locations combined were 0.013 ppm (morning) and 0.012 ppm (evening). These values were lower than the WHO limit of 0.08 ppm, p < 0.05).
Socio-Demographic Characteristics of Women Cooking with Kerosene Stoves
The preliminary survey in the community showed that most of the cooking occurred in semi-detached, detached or completely enclosed kitchens. About 40% of the women were sometimes found cooking with their children in the kitchen. Virtually all the women cooking were used to sitting close to the cooking sources and heavy cooking was done mostly in the evening hours at the close of the day's activities. Women that participated in the survey were aged between 15 to 70 years. About 24% were 30 years and below, 50.3% were between 31 and 50 years while the proportion of respondents with age range of 51 to 70 years was 25.1%. The level of education of the respondents revealed that 8.4% of KSU had no formal education. The proportion with primary, secondary and tertiary education was 26.9%, 47.9% and 16.8% respectively. Majority 58.1% of the respondents were traders while others were: artisans 20.4%, farmers 1.2%, housewife 1.2%, civil servant 7.8%, students 10.2% and clergy 1.2%.
Anthropometric Characteristics, Reported Respiratory Symptoms and Lung Function Status of Participants
The mean age of participants that took part in the lung function test was 37.1 ± 11.4 years while the min and max ages were 18 and 65 years respectively. The mean weight was 64.4 ± 11.9 kg while the mean height was 1.60 ± 0.1 m. The mean Body Mass Index (BMI) of KSU was 25.6 ± 4.6 kg/m 2 . The proportion of respondents that reported respiratory symptoms in the last six month preceding the study among kerosene stove users indicated that running nose had the highest proportion of the respiratory symptom of 26.9%. Other respiratory symptoms were: chest pain (8.4%), difficulty in breathing (4.8%), wheezing (10.2%) tightness of chest (2.4%) and cough (0.6%).
The respondents who consented to participate in the lung function test were not significantly different from those who did not concerning key socio-demographic characteristics such as occupation (p = 0.595), education (p = 0.139), frequency of kerosene use (p = 0.422), proximity to stove while cooking (p = 0.134), indoor cooking (p = 0.742) though refusals were slightly older (36 years vs 32 years) but statistically significant (p = 0.023).
The values of the observed lung function (FEV 1 ) for KSU were expectedly found to decrease with age (see Table 2 ). Also the predicted FEV 1 values were higher than the observed FEV 1 values. The mean predicted values of FEV 1 was 2.7 ± 0.5 litres while the mean observed FEV 1 in litres was 2.0 ± 0.4 (p < 0.05). The percentage predicted FEV 1 for the entire study participants was 73.8%. However, there were variations in the % FEV 1 across the different age groups with the age groups 26 -36 yrs and 37 -47 yrs recording the lowest values (Figure 4) . There was a weak positive and insignificant correlation between BMI and FEV 1 observed (r = 0.149, p = 0.212). However, in terms of the relationship between lung function and exposure to PM 10 there was no significant correlation between PM 10 and FEV 1 (r = −0.371, p = 0.468), see Figure 5 .
Discussion
Exposure to different forms of biomass emissions from cooking stoves has been implicated by several epidemiological studies to have enormous impacts on the health of populations particularly vulnerable groups such as women and children. This situation has been found to be very acute in developing countries. Unfortunately, very little information is available regarding the level of vulnerability to health risks associated with exposure to kerosene stove emissions in Nigeria. Herein lies the significance of our study.
The mean PM 10 concentration for kerosene stove in the morning was 242.81 µg/m 3 while the evening mean concentration was 253.45 µg/m 3 . The daily mean was 248.1 ± 14.1 µg/m 3 . The mean concentration of KS emissions was about 10 times higher than the WHO guideline limit of 25 µg/m 3 . Since there is paucity of literature on the level PM 10 emitted by kerosene stone we can only compare our result with investigations from biomass fuel. The particulate matter levels recorded in this study is lower than 717 µg/m 3 for biomass fuel reported by Naeher et al. [10] . Likewise Enkhjargal et al. [11] recorded a mean PM 10 concentration of 601.66 µg/m 3 in a study carried out in Mongolia, Philippines. Balakrishnan et al. [6] in a study of assessment of respirable particulates associated with household fuel use in rural districts of Andhra Pradesh, India reported PM 10 concentration from firewood stove as 500.0 µg/m 3 . Typical 24-hours average concentrations in homes using biomass have been reported to have a range of 200 -5000 µg/m 3 [4] [12]- [15] . Airborne particulate matter (PM) has been a subject of major public health concern globally. Its permeation into the airways in humans is known to cause many disorders. Usually the aerodynamic size, number and concentration of PM in the atmosphere play a vital role in impacting human health. Some epidemiological studies have indicated that exposure to particulate matter can cause cardiovascular and cardiopulmonary damage [16] .
Several studies have showed a significant relationship between air pollutant level and FEV 1 and FVC. PM 10 and NO 2 were significantly associated with decreases in FEV 1 but only in girls [17] . Gauderman et al. [18] indicated that significant deficit in growth of lung function were associated with exposure to PM 10 . Avol et al. [19] reported an improvement in lung function in children from Southern California who had moved to areas with lower PM 10 and decreased in lung function in subjects who moved to communities with higher PM 10 . Lagorio et al. in their study on Air Pollution and Lung Function Among susceptible adult subjects observed negative association between ambient PM 2.5 and PM 10 and respiratory function (FVC and FEV 1 ) [20] . The effect on FVC was evident both at a short lag (24 h) and in relation to cumulative exposures over the previous 24 and 48 hours. The effect on FEV 1 appeared only when 72 hours of exposure were accumulated. Horak Jr. et al. in their study on Particulate Matter and Lung Function Growth in Children [21] . A 3-yr follow-up study in Austrian School Children reported that after adjusting for potential confounders (sex, atopy, passive smoking, initial height, height difference, site, initial lung function) an increase of summer PM 10 by 10 mg/m 3 was associated with a decrease in FEV 1 growth of 84 ml/yr and 329 ml/s/yr for MEF . It was concluded by the authors that long-term exposure to particulate matter less than 10mm in diameter had a significant negative effect on lung-function proxy for the development of large (forced expiratory volume in one second) and small (mid expiratory flow between 25% and 75% of the forced vital capacity) airways, respectively, with strong evidence for a further effect of ozone and nitrogen dioxide on the development of forced vital capacity and forced expiratory volume in one second. Linares et al. carried out a study on Impact of Air Pollution on Pulmonary Function and Respiratory Symptom in children established that PM 10 levels had negative relationship with FVC, FEV 1 and PEF but with a positive correlation with FEV 1 /FVC according to its change [22] .
Most studies that linked lung function with emission from kerosene stove had children as their subjects. Azizi and Henry studied 1600 school children with age range of 7 and 14 years [23] . After adjusting for possible confounders the authors reported mean percent predicted FVC of 95.8%, PEFR of 97.2% and FEV 1 of 95.7%. A decrement of 3% -8% in lung function parameters were reported in children without respiratory symptoms whose family cooked with kerosene [24] . Behera et al. [25] investigated the relationship between fuel type and lung function which led them into recruiting 3991 women from villages in India for the study. Exactly 3318 women actually participated in the study after excluded smokers and those with respiratory symptom from the study. The women were categorised by cooking fuel used: biomass, LPG, kerosene and mixed. The result showed that FEV 1 was in the range of 90% -94% of expected. In our study the percent predicted FEV 1 was found was 83.33% which is lower than what was obtained in the study carried out by Behera et al. [25] . The study that was carried out in the Niger-Delta region of Nigeria by Mustapha et al. recruited children aged 7 -14 years. Compared with cooking gas non-significant positive association with phlegm production for cooking with kerosene (OR = 2.83, 95% CI: 0.85 -9.44) was established [26] . It was also reported that the magnitude of associations with night cough, asthma diagnosis (ever), although weaker than for phlegm production, were similar for coal and kerosene.
The First National Health and Nutrition Survey (NHANES) [27] reported that a 34 μg/m 3 increase in Total Suspended Particulate (TSP) was associated with an average decrease in FVC of 2.2%. They also found a significant smaller effect for FEV 1 . In a study conducted in Switzerland, Ackermann-Liebrich et al. 1997 examined 9651 participants in a cross-sectional population based sample of adults (age's 18 -60 years) and found a significant and consistent effect for PM 10 . An increase of 10 μg/m 3 PM 10 was associated with 3.4% reduction in FVC and 1.6% reduction in FEV 1 . Regalado et al. 2006 in a study on the effect of biomass burning on respiratory symptoms and lung function in rural Mexican woman reported that current use of a stove burning biomass fuel compared with those cooking with gas was associated with increase reporting of phlegon (27% vs 9%) and reduced FEV 1 (79.9% vs 82.8%). It was also reported that levels of FEV 1 were 81ml lower and cough was more common in women from homes with higher PM 10 concentrations.
Concentrations of CO and NO 2 were below detectable limit. Again the mean concentration of SO 2 was 0.013 ± 0.005 ppm, though lower than WHO limit of 0.14 by a factor of 6. The possible explanation for this observation could be that there was sufficient aeration to have dispersed the pollutants and or that the efficiency of the stove combustion process was high as at the time of sampling. It would therefore be erroneous to generalize this outcome to other locations which may have had poor stove facilities. A very interesting yet intriguing trend is the low concentrations of CO 2 observed in this study. These levels though expectedly higher than other gases measured were below the guideline limits and grossly lower than the global mean of 398.03 ppm (http://co2now.org/).
Spirometry revealed that the age group with the highest FEV 1 were those between 26 -36 years while those with the lowest value were those 59 years and above. Decline in FEV 1 was linear. The observed decrease in FEV 1 may be more physiological than environmental. The age group with the lowest percentage FEV 1 were those between 15 -25 years followed by those between 48 -58 years while age group 59 years and above had higher percentage FEV 1 which suggested that they were less exposed to emissions from kerosene stoves.
Several studies have associated exposure to cooking stoves with both respiratory and non-respiratory problems [12] [28] [29] . Exposure to smoke had been linked to acute respiratory infections, upper respiratory infection, otitis media, chronic airway diseases, chronic pulmonary disease, pulmonary tuberculosis, asthma, lung cancer, cataract, blindness, low birth weight, meningitis, burns and eye irritation [28] [30]- [37] . The relatively high prevalence of respiratory symptoms among the study population is consistent with that reported by Ibhazehieso et al. who found out that respiratory symptom like cough with sputum production, dyspnirea, wheezing, chest tightness and chest pain were markedly elevated in women that cook with firewood stoves in Edo, Nigeria [38] . However, the lack of comparison group in our study makes attribution of respiratory symptoms to kerosene stove exposure rather difficult.
The limitations of this study are hinged on the fact the design was a snap shot and we did not use personal air monitors in assessing levels of the pollutants. In addition we could not use a PM 2.5 particulate sampler which could have been more appropriate for combustion emissions. At the moment it is unclear what local environmental phenomena must have contributed to the low CO 2 levels currently observed. It is hoped that future designs with robust methodology and more sensitive equipment will remedy this shortfall. The use of an additional sensitive biomarker such as exhaled nitric oxide for the exposure assessment would have been more revealing. Nevertheless, this pilot study has been able to provide empirical baseline information from which a more rigorous longitudinal design with some elements of causality could be carried out in the future.
Conclusions
The study was carried out to determine the level of exposures of women in Olorunda community to emissions from kerosene cooking stoves. The pulmonary health status of the exposed women in the community was also assessed.
Our study revealed that the women were exposed to kerosene stoves PM 10 emissions that were ten times higher than the WHO guideline limit. However, the levels of gaseous emissions were very low in comparison to the guideline limits due to several undefined factors.
Although FEV 1 was found to decline with age among the specific age groups particularly with the active class involved in extensive household cooking, it could not be ascertained if the low pulmonary function status was due to exposure to the air pollutants or due to certain confounders.
Therefore, health education should be employed to encourage safe cooking practices and modification of cooking methods by women in the community. Longitudinal studies using biomarkers like upinary polycyclic aromatic hydrocarbons (PAH) metabolites, carboxy haemoglobin (COHb) and exhaled NO 2 levels would help in validating exposure assessments in the future.
